Oxidative stress may play a pathogenic role in chronic hepatitis C (CHC). The present study examined the oxidative status in plasma of patients with CHC who received pegylated interferon and ribavirin therapy. The following groups were included: (1) sustained virological response (28 patients), (2) null response (26 patients), (3) breakthrough (24 patients), (4) relapse (24 patients), (5) spontaneous cure (23 patients) and (6) twenty five normal subjects as a control group. Markers of oxidative stress including plasma malondialdehyde, nitric oxide, reduced glutathione, total antioxidant capacity and uric acid as well as serum ALT, AST, alkaline phosphatase, total bilirubin, albumin, prothrombin time were studied. The study indicated significant decline in reduced glutathione and total antioxidant capacity and markedly elevated levels of malondialdehyde and nitric oxide in all groups compared with the controls. Null response group had the highest levels of malondialdehyde and nitric oxide. Nitric oxide was significantly higher in those with null response compared with all other groups and with control subjects. Uric acid was significantly higher in spontaneous cure group compared with all other groups and with the controls. We concluded that CHC patients had increased oxidative stress. The oxidative status in plasma of these patients was not changed by antiviral therapy. The study also showed an important contribution of nitric oxide in null response patients. High serum uric acid did not interfere with the response and/or did not predict the response to antiviral therapy.
INTRODUCTION
Reactive oxygen species as well as reactive nitrogen species are products of normal cellular metabolism. The increased production of oxygen free radicals and nitric oxide occurs also during the respiratory burst of phagocytic cells which plays an essential role in bacterial killing and in regulating the process of acute inflammation (Horta et al., 2012; Halliwell, 1982) . Under physiological conditions free radical generation is counter balanced by several mechanisms which aim to maintain the redox baklace in the cell. Cellular defenses against free radi-cals and reactive oxygen species include enzymatic and nonenzymatic mechanisms. The enzymatic defense consists mainly of catalase, reduced glutathione (GSH), glutathione peroxidase, and superoxide dismutase; the nonenzymatic antioxidant mechanisms include ascorbic acid, vitamin E and GSH (Halliwell and Gutteridge, 1984) . When these protective or counter mechanisms are overwhelmed by excessive generation of oxygen and nitrogen free radicals, oxidative and/or nitrosative stress then ensues. In these conditions the increased free radicals can damage cell structures including membrane lipids, proteins or DNA resulting in impaired cell function (Halliwell, 1996; Kannan 2006) . Oxidative stress has been implicated in a number of human diseases such as liver disease, diabetes mellitus, heart failure, as well as in neurodegenerative disorders (Halliwell, 2009 ).
Hepatitis C virus (HCV) infection is a leading cause of chronic hepatitis and cirrhosis wide-world. It is estimated that approximately 160-170 million people worldwide are affected with chronic hepatitis C (CHC) (Lavanchy, 2011) . Cirrhosis eventually develops in 30 -40 % of individuals unless the virus is eradicated with antiviral therapy (Bruno and Facciotto, 2008; Davis et al., 2010) . Chronic hepatitis C virus infection is also is associated with the highest hepatocellular carcinoma (HCC) incidence in persons with cirrhosis (Fattovich et al., 2004) . Current standard treatment for chronic hepatitis C includes pegylated interferon (IFN) alfa in combination with ribavirin (McHutchison et al., 2009 , Guo et al., 2012 . The aim is to attain sustained virological response (SVR). The effectiveness of IFN-ribavirin in treating patients depends on HCV genotype. Patients with genotypes 2 and 3 experience the highest SVR rate, with rates in excess of 80 %. For genotype 1 HCV-infected patients, only 40-46 % of patients will achieve SVR (Shepherd et al., 2004; Lee et al., 2012) . However, approximately 10 % of patients receiving INFribavirin therapy will stop treatment and 30 % of patients require dose reduction because of side effects (Lee et al., 2012; Druyts et al., 2013) .
Recently, the role of oxidative stress in liver diseases and especially in patients with HCV infection has received considerable interest (Quarato et al., 2013; Yen et al., 2012; El-Kannishy et al., 2012) . Oxidative stress is a common pathogenetic mechanism contributing to initiation and progression of hepatic damage in a variety of liver disorders such as alcoholic liver disease, chronic viral hepatitis, autoimmune liver diseases and non-alcoholic steatohepatitis (Medina and Moreno-Otero, 2005) . During the progression of HCV infections, reactive oxygen species are generated, and these then induce significant DNA damage and the development of hepatocellular carcinoma (Tsukiyama-Kohara, 2012) . Hence, knowledge on the effect of IFN-ribavirin therapy on the oxidative status of patients with HCV infection is of marked clinical significance. Moreover, drugs with potential antioxidant activity are likely to be of benefit in the treatment with patients with chronic HCV infection. In this context, the potential benefit of silymarin (extracted from the seeds of Silybum marianum or milk thistle) in the treatment of liver diseases may also stem from scavenging of reactive oxygen species (Saller et al., 2001) . Silymarin supplemenation to antiviral therapy improved oxidative stress (Pár et al., 2009) and supplementation with antioxidants such as vitamins E, C and zinc appear to improve the redox status in these patients (Farias et al., 2012) .
The aim of the present study was to assess the antioxidant status in chronic hepatitis C patients who received antiviral therapy with pegylated interferon and ribavirin.
MATERIALS AND METHODS

Subjects
150 subjects were chosen in this study. 125 chronic hepatitis C (CHC) patients were included. They were recruited from the Hepatology clinics of the General Health Insurance Authority Polyclinics, in their first follow up visit, about two months after determining their response to their interferon therapy. Their combined interferon therapy was in the form of a fixed weekly dose of 160 μg of 20 kD linear pegylated interferon a-2a (Reiferon Retard) in combination with ribavirin in standard and adjusted doses. Their therapy was in accordance with the national protocols for the treatment of CHC approved by the Ministry of Health in Egypt (Taha et al., 2010; Esmat and Abdel Fattah, 2009 ). Subjects were fully informed and consented in advance about the nature of our study. Patients were divided into the following 4 groups according to their response to interferon therapy: (1) Sustained virological response (SVR) group (28 patients). SVR is defined as undetectable HCV-RNA in serum, even after 24 weeks withdrawal of standard combination therapy (Welker and Zeuzem, 2009 ). In Egypt (genotype 4) the duration of treatment in this group was 48 weeks. (2) Null response group (26 patients). No response is defined as < 2 log (10) reduction in HCV RNA after 12 weeks treatment (Chayama et al., 2012) . (3) Breakthrough group (24 patients). The breakthrough response is defined when HCV RNA rebounds and becomes detectable before treatment is completed (Sherman et al., 2007) . (4) Relapse group (24 patients). virological relapse is defined if HCV RNA decreases and remains below the limit of detection during treatment but becomes detectable after cessation of treatment (Dieterich et al., 2009 ). Group 5 and 6 (who needed no treatment) were included as follows: (5) Spontaneous cure group (23 patients).
Spontaneous HCV Resolution (Selflimiting HCV infection). The patient had at least 3 negative HCV-RNA PCR, 6 months apart with positive HCV-Ab done by ELISA on many occasions (Spada et al., 2004) .
(6) The control group. This group included 25 age, sex and culture matched healthy volunteers with a normal medical history, physical examinations, blood biochemistry and negative for anti-HCV antibodies.
Exclusion criteria
Although many of the following criteria were excluded before enrollment in combined interferon therapy, we re-evaluated our subjects clinically and biochemically and excluded from this study those with a history of antioxidant use a month preceding the study, alcohol, smoking, other known cause of liver disease such as metabolic diseases, or another co-infections. Also subjects with other chronic diseases such as diabetes mellitus or coronary heart disease were excluded.
Biochemical studies
Liver function tests including alanine transaminase (ALT), aspartate transaminase (AST), alkaline phosphatase (ALP) and albumin were assayed using Olympus auto analyser AU400 (Olympus Diagnostica, Japan). Lipid peroxidation was assayed by measuring the level of malondialdehyde (MDA) in plasma using the method of Ruiz-Larrea et al (1994) . Reduced glutathione (GSH) was determined in brain tissue by Ellman's method (Ellman, 1959) . Nitric oxide in serum was measured as nitrite using Griess reagent, according to the method of Moshage et al. (1995) . Antioxidant capacity was measured by the reaction of antioxidants in the sample with a defined amount of exogenously provided hydrogen peroxide according to ( Koracevic et al., 2001 ) using commertially available kit (Biodiagnostics, Egypt). Uric acid concentration was measured by the direct enzymatic method, in which uric acid was oxidized by uricase coupled with peroxidase (Fossati et al., 1980) .
HCV antibodies determination
The presence of HCV antibodies was determined by third-generation enzyme linked immunosorbent assay (ELISA; CTK-Bioteck-USA).
Detection of HCV-RNA by Real Time PCR and HCV Genotyping
Viral RNA was extracted from patient's plasma using the QIAamp Viral RNA Kit (Qiagen Hilden, Germany, Cat no. 52904) according to the manufacturer's protocol. HCV RNA was detected by commercially available Toyobo RNA-direct real time PCR kit on SLAN Real Time PCR Detection System, LG Lifescience, Korea. The HCV genotype was defined by the reverse line probe assay (INNO-LIPA v.1.0, innogenetics, Ghent, Belgium) according to the manufacturer's instruction.
Statistical analysis of data
Data are expressed as mean ± S.E. Statistical significance of the difference was analyzed using one way-ANOVA and posthoc Duncan test for multiple group comparison. P values of < 0.05 were considered statistically significant.
RESULTS
The demographic data of our subjects revealed no significant differences among the studied groups as regard age, sex and body mass index (Table 1 ). The number of the subjects and the HCV-RNA PCR status of each group were also shown in Table 1 .
Concerning the studied parameters of liver function tests, there were no significant changes in the mean value of serum albumin levels among the different studied groups. The mean values of both ALT and AST exhibited significant increases in all patient groups when compared to that of the control group except for the SVR group which showed a non significant increase. Such mean values exhibited significant increases in all patient groups when compared to that of the SVR group. The null response and the breakthrough groups showed the highest significant mean values of ALT and AST. The mean values of serum bilirubin exhibited significant increases in all patient groups when compared to that of the control group. There were no significant changes in the mean levels of serum bilirubin among the patients groups. The mean values of serum alkaline phosphatase showed significant increases in the breakthrough and SVR groups and non significant increase in the null response and relapse groups when compared with the controls. Although within the accepted range, the mean values of prothrombin time were significantly increased in all patient groups when compared to that of the control group. Among the patients, the mean values of prothrombin time were significantly increased in all groups when compared to that of SVR group (Table 2) . As regard the studied oxidative stress markers, there were significant decreases in the mean values of both reduced glutathione and total antioxidant capacity of all patients groups when compared with that of the control group. There were no significant differences in the mean reduced glutathione levels among the patients groups. The mean values of total antioxidant capacity were significantly lower in the relapse, SVR and spontaneous groups when compared with the null group. Both the mean values of malondialdehyde and nitric oxide showed significant increases in all patients groups when compared with that of the control group. There were no significant differences in the mean malondialdehyde levels among the patients groups. The mean levels of nitric oxide were significantly higher in the null response group compared with the means of all the other patients groups. The mean serum uric acid levels were significantly higher in all patients groups except the null response group when compared with that of the control group. Those who developed spontaneous cure showed the highest significant mean uric acid value. Other patients groups exhibited no significant change in the mean uric acid level among them (Table 3) .
DISCUSSION
The present study indicated that our patients with chronic hepatitis C irrespective to their response to pegylated-interferon alpha2a plus ribavirin therapy have elevated levels of oxidative stress in their plasma.
The free-radical oxidation of polyunsaturated fatty acids in biological systems is known as lipid peroxidation. The detection and measurement of lipid peroxidation is the evidence most frequently cited to support the involvement of free-radical reactions in disease process. Aldehydes such as Results are mean values ± S.E, GSH = Glutathione, MDA = Malondialdehyde, NO = Nitric oxide, SVR = Sustained virological response, TAC = Total Antioxidant Capacity, UA = Uric Acid malondialdehyde resulting from lipid peroxidation can bind covalently to proteins, thereby altering their function which results in enzyme inhibition and alteration of the structure of cellular receptors and cellular damage (Gutteridge, 1995) . This study revealed increased malondialdehyde (MDA) in plasma of patients with chronic hepatitis C, suggesting increased free radical generation and lipid peroxidation. Nevertheless, there were no significant differences in the mean MDA level among different patient groups e.g., between those with null response or relapse and patients with sustained virological response. This finding might suggest that antiviral therapy had no effect on the level of oxidative stress in our patients. Our results also demonstrated decreased endogenous antioxidant mechanisms in chronic hepatitis C. Reduced glutathione (GSH) was markedly decreased in the plasma of all the patients groups. Glutathione is a major antioxidant in tissues which participates nonenzymatically and enzymatically in supporting cellular redox balance and in protecting against oxidative damage by reactive oxygen species (Wang and Ballatori, 1998) . Normally, oxidized glutathione is efficiently reduced by glutathione reductase which maintains more than 98 % of intracellular gluathione in the reduced, thiol form (Spina and Cohen, 1998) .
Moreover, the study showed significant decrease in total antioxidant capacity (TAC) in all patients groups with chronic hepatitis C compared to the control group. Surprisingly, TAC was relatively increased in patients who had null response compared with relapse or spontaneous cure groups. Recently assays of TAC have been widely used in biomedicine with the aim of having an indication of oxidative status in body fluids or tissues. It has been suggested that low TAC could be indicative of oxidative stress. Conversely, increasing TAC through intervention has been taken as an indication of improved overall antioxidant status in the body. These assays, however, do not appear to reflect the sum of activities of different antioxidant defense mechanisms e.g., antioxidant enzymes (superoxide dismutases, glutathione peroxidases, and catalases) and glutathione which are the major antioxidant defense in cells, tissues, and body fluids or takes into account the contribution of small molecules e.g., urate, ascorbate, and tocopherol to antioxidant defense (Young, 2001) .
Nitric oxide (NO) is a short-living gaseous molecule and a biological mediator generated from L-arginine by NO synthase (NOS). Three isoforms of NOS have been identified; a constitutively expressed endothelial NOS (eNOS or type 3 NOS), neuronal NOS (nNOS or type 1 NOS) and an inducible NOS (iNOS or type 2 NOS). In the liver, constitutively generated nitric oxide is released continuously by the vascular endothelium. Being a vasodilator molecule, a key function of NO in the liver relates to the regulation of sinusoidal blood flow and vascular tone by exerting a basal dilator tone on the vascular smooth muscle cells (Rockey and Shah, 2004) . Nitric oxide thus helps to maintain the hepatic microcirculation and endothelial integrity. The role of nitric oxide in liver disease and especially in patients with hepatitis C virus infection has been emphasized by several authors. In diseased human livers, there is diminished activity of eNOS (Sarela et al., 1999 ) and a significant increase in iNOS in the cirrhotic liver (McNaughton et al., 2002) . High concentrations of nitric oxide are generated by the inducible form of the enzyme nitric oxide synthase (iNOS) by activated macrophages during inflammatory states. This is a defense mechanism by which the body aims to eliminate infection. An excessively high level of nitric oxide that follows contributes to the inflammatory response and tissue damage and participates in the onset of several hepatopathies. However, in the course of liver regeneration, iNOS is expressed at moderate levels and contributes to inhibit apoptosis and to favor progression in the cell cycle until the organ size and function are restored (Martin-Sanz et al., 2002) . Lake-Bakaar et al. (2001) found widespread expression of iNOS in hepatocytes in chronic HCV liver disease, irrespective of histological disease severity. The authors suggested that nitric oxide may play a role in the local control of chronic viral infections at tissue level, but this is not reflected in serum levels. Nitric oxide, however, is increased in the serum of patients with chronic HCV hepatitis (Pata et al., 2003; Hokari et al., 2005; Ibrahim et al., 2010) . In these subjects, nitric oxide levels appear to be related to the outcome of pegylated-IFN-α 2a plus ribavirin treatment (Hokari et al., 2005; Ibrahim et al., 2010) . In chronic hepatitis C, responder patients in whom hepatitis C virus was eradicated had significantly higher nitric oxide than the non-responders, in whom the virus was not eradicated (Hokari et al., 2005) . This difference was seen as early as 2 weeks after the initiation of treatment (Hokari et al., 2005) . Conversely, suppression of nitric oxide might be a mechanism by which pegylated arginine deiminase reduces HCV viral titers and improves liver function in patients with chronic hepatitis C virus infection (Izzo et al., 2007) . Still other researchers observed that nitric oxide levels negatively correlated with fibrosis scores in chronic hepatitis patients. Nitric oxide which may be a suppressor molecule for fibrosing levels are inversely related to fibrotic process (Pata et al., 2003) . The present observations indicated increased nitric oxide in the serum of different groups including those with sustained virological response or spontaneous cure. The highest level of nitric oxide was, however, observed in patients who exhibited null response to antiviral therapy.
Recently there has been much interest in uric acid in relation to liver disease. In Chronic hepatitis C and in non alcoholic fatty liver disease patients, hyperuricaemia was independently associated with severity of steatosis (Petta et al., 2011 (Petta et al., , 2012 . Moreover, serum uric acid level > or =5.8 mg/dl was predictive of poor response to HCV treatment with pegylated-interferon and ribavirin (Pellicano et al., 2008) . In the present study, subjects with sustained response, breakthrough, relapse or even spontaneous cure had significantly higher levels of serum uric acid compared with controls. Uric acid was significantly higher in those who developed spontaneous cure compared with all other groups and with control subjects. Thus uric acid level in serum had no impact on the response to antiviral therapy in this study. Uric acid is recognized as a marker of oxidative stress whereas the production of the uric acid includes enzyme xanthine oxidase which is involved in producing of radical-oxygen species. On contrary to this, uric acid also acts is an "antioxidant", a free radical scavenger and a chelator of transitional metal ions which are converted to poorly reactive forms (Pasalic et al., 2012) . Uric acid is a natural antioxidant, accounting for up to 60 % of the free radical scavenging activity in human blood (Ames et al., 1981) . Uric acid forms stable co-ordination complexes with iron ions that inhibited Fe3+-catalysed ascorbate oxidation as well as lipid peroxidation (Sharma et al., 2012) . Uric acid also can scavenge peroxyl, hydroxyl and superoxide radicals and inhibit oxidative protein, DNA and lipids damage (Ames et al., 1981; Davies et al., 1986) . In healthy subjects, systemic administration of uric acid which raised serum urate concentration from was associated with increased serum antioxidant capacity and reduced oxidative stress during acute physical exercise (Diaz et al., 2011) .
In summary, the present findings suggest an elevated levels of oxidative stress in the serum of patients with chronic hepatitis C infection. Both increased lipid peroxidation and decreased endogenous antioxidant mechanisms were observed. Oxidative stress was not changed by antiviral therapy. Supplementation with antioxidants might thus be advisable in these patients.
